Absfract-The light microscopic analysis of the number and shape of cells in pathology is important for the diagnosis and assessment of clinical behavior of disease conditions. The fundamental step of this work is to separate the cells from the background. To segment objects from such uneven background images, a fixed threshold is not suitable. We have proposed a new adaptive thresholding method using variational theory 111. In this paper, this method is introduced to segment pathological images under light microscope. The comparison of the segmentation results of our method and Otsu's [2] thresholding method shows the advantage of our method.
I. INTRODUCTION
To diagnose and assess the behavior of many diseases, microscopic image analysis is important [3] . This is a heave and complicated work for the pathologists, both time consuming and expensive. No matter what stereology methods are used to analyze these images [4,5], a basic image segmentation step must be adopted first to separate the cells from their background. Thresholding methods [6] are often used to deal with this problem. In such microscopic images, the backgrounds are usually uneven, and adaptive (or local) threshold should be used instead of global threshold to give better result.
In this paper, we will first introduce an adaptive thresholding method we recently developed [ 13. Then the method is used to segment an image from an immunohistochemical stained section. The result is compared with the result from Otsu's global thresholding method [2] .
THE ADAPTIVE THRESHOLDING METHOD
We can view the gray level image as a 2-D surface. In order to construct an adaptive threshold surface, we aim to find a smooth surface which meets the image surface at the points where the gradients of the image are local highest [ 11. These points are the boundaries of the objects. Then the objects can be segmented out adaptively from the background.
Let I(x,y) be an image which is to be segmented by thresholding, and G(x,y) is the normalized gradient magnitude of I(x,y). 
(T) is a functional of Tand F(T)=-G(x,y), ( x ,~) Y ) E c .
This is an ill-posed problem [7] .
To solve the problem, a penalty term is introduced into the object hnction for regularization. Then the object function to be minimized is where A is the regularization parameter. Minimizing (2) 
RESULTS AND DISCUSSIONS
An image from immunohistochemical stained (MIB-1) esophageal carcinoma taken by a CCD camera is shown in Fig.1 . It can be seen that the background gray level is uneven. The ideal segmentation result to such images is that all the cells are segmented and isolated. Fig.2 is the segmentation result of our adaptive thresholding method to Fig.1. Fig.3 is the result by Otsu's method to Fig.1 . We can see that, in Fig.3 , while the separated cells in region A are connected, those in regions B and C are missing or incomplete. Raising the threshold, more cells in regions B and C can be seen but more cells will connected to a block in A. On the contrary, if we lower the threshold, the cells in region A can be isolated, but more cells will missing in other parts of the image. This means there is no optimal global threshold to segment the image satisfactory. Our method is tolerant to such a situation. Because the threshold is not a constant, but a surface adaptively changing with the background, different threshold is set at different places according to their local image information. So the result is much more robust and consistent.
We have pointed out that this adaptive thresholding method is particularly suitable for images containing many objects [l] . This is a typical situation encountered in light microscopic images in pathology. 
